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(57) ABSTRACT

The present disclosure discloses method and apparatus for
image compression. The method includes: acquiring a thresh-
old of a similarity score of an image; acquiring a first quality
factor of the image, a first similarity score corresponding to
the first quality factor, a second quality factor of the image,
and a second similarity score corresponding to the second
quality factor; obtaining a functional relationship between
quality factor and similarity score of the image by means of
curve fitting using the first quality factor, the first similarity
score, the second quality factor, and the second similarity
score; determining an optimum quality factor of the image
according to the functional relationship between the quality
factor and the similarity score and the threshold of the simi-
larity score; and compressing the image according to the
determined optimum quality factor. With the present disclo-
sure, iterations in image compression can be completed in a
very short time.
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METHOD AND APPARATUS FOR IMAGE
COMPRESSION

RELATED APPLICATIONS

This application is a continuation application of PCT
Patent Application No. PCT/CN2013/086478, entitled
“METHOD AND APPARATUS FOR IMAGE COMPRES-
SION” filed on Nov. 4, 2013, which claims priority to Chinese
Patent Application No. 201210460468.X, filed with the Chi-
nese Patent Office on Nov. 15, 2012 and entitled “METHOD
AND APPARATUS FOR IMAGE COMPRESSION”, both
of which are incorporated by reference in their entirety.

FIELD OF THE TECHNOLOGY

The present disclosure relates to the field of computer
technologies, and in particular, to method and apparatus for
image compression.

BACKGROUND OF THE DISCLOSURE

With the development of Internet technologies and with an
increase in proportion of image use on the Internet, image
transmission on the Internet becomes increasingly important.
Due to the limitation in bandwidth and traffic, an image needs
to be compressed before being transmitted on the Internet, to
facilitate transmission of the image, and therefore, it is
increasingly important perform lossless compression on
images to be transmitted on the Internet.

In the conventional technology, a quality factor (which is
referred to as “q” for short) is generally used to indicate the
quality of an image that is compressed by using the quality
factor of the image. A larger value of q indicates higher
quality of image compression, and in this case, the com-
pressed image occupies relatively large space; and a smaller
value of q indicates lower quality of compression, and in this
case, the compressed image occupies relatively small space.
For example, for a jpeg-format image generally used in the
conventional technology, an empirical initial value q is usu-
ally set for the image in the conventional technology, so as to
compress the jpeg-format image according to the empirical
initial value q. For example, a value range of q may be 0 to
100. Atthe same time, a score (which is referred to s for short)
value of image similarity is further introduced in the conven-
tional technology. The value of s indicates a score of similar-
ity, which is obtained by means of objective evaluation,
between a compressed image and an original jpeg-format
image after the jpeg-format image is compressed by using the
value of q, and may also be interpreted as a score of the quality
of'a compressed jpeg-format image perceived by human eyes.
For example, a value range of s may be 0 to 1. The value of s
is generally in direct proportion to the value of q; a larger
value of's indicates higher quality of a compressed image and
higher similarity between the compressed image and an origi-
nal image, and corresponds to a larger value of q and a larger
compressed jpeg-format image; and a smaller value of s indi-
cates lower quality of a compressed image and lower similar-
ity between the compressed image and an original image, and
corresponds to a smaller value of q, and a smaller compressed
jpeg-format image. In the conventional technology, generally,
a preset threshold is set for s. First, a jpeg-format image is
compressed and encoded according to a preset empirical ini-
tial value q; then, it is analyzed whether the value of s of the
compressed and encoded image is less than the preset thresh-
old of s, and if the value of s is not less than the preset
threshold of s, the value of q is reduced correspondingly, and
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2

the jpeg-format image is compressed and encoded again; then
it is analyzed whether the value of s of the compressed and
encoded image is less than the preset threshold of s; the
process is repeated until the value of s of the compressed and
encoded image is less than the preset threshold of's, and then,
the compressed and encoded image is output, so as to transmit
the image.

In a process of implementing the present disclosure, the
inventor finds that the conventional technology at least has the
following problem: a preset empirical initial value q in the
conventional technology is set completely according to expe-
rience. To acquire a compressed image, iteration and corre-
sponding compression need to be performed multiple times
according to the preset empirical initial value q until the value
of's is converged. Therefore, in the image compression solu-
tion in the conventional technology, an improper preset
empirical initial value q leads to a long compression time and
low efficiency in image compression.

SUMMARY

To solve the problem of the conventional technology,
embodiments of the present disclosure provide method and
apparatus for image compression. The technical features are
as follows:

According to an aspect of the present disclosure, an image
compression method includes:

acquiring a threshold of a similarity score of an image;

acquiring a first quality factor of an image, and a first
similarity score corresponding to the first quality factor, a
second quality factor of the image, and a second similarity
score corresponding to the second quality factor;

obtaining a functional relationship between a quality factor
and a similarity score by means of curve fitting using the first
quality factor, the first similarity score, the second quality
factor, and the second similarity score;

determining an optimum quality factor of the image
according to the functional relationship between the quality
factor and the similarity score and a threshold of the similarity
score; and

compressing the image according to the determined opti-
mum quality factor.

According to another aspect of the present disclosure, an
image compression apparatus includes one or more proces-
sors; memory; and one or more program modules stored in the
memory and to be executed by the one or more processors, the
one or more program modules further including:

a threshold acquiring module, configured to acquire a
threshold of a similarity score of an image;

a first acquiring module, configured to acquire a first qual-
ity factor of the image, a first similarity score corresponding
to the first quality factor, a second quality factor of the image,
and a second similarity score corresponding to the second
quality factor;

a curve fitting module, configured to obtain a functional
relationship between quality factor and similarity score of the
image by means of curve fitting using the first quality factor,
the first similarity score, the second quality factor, and the
second similarity score;

a second acquiring module, configured to determine an
optimum quality factor of the image according to the func-
tional relationship between the quality factor and the similar-
ity score and the threshold of the similarity score; and

an image compression module, configured to compress the
image according to the determined optimum quality factor.

In some embodiments, in the image compression apparatus
described above, the curve fitting module is specifically con-



US 9,325,996 B2

3

figured to determine a Gaussian functional relationship
between the quality factor and the similarity score according
to the first quality factor, the first similarity score, the second
quality factor, the second similarity score, and the Gaussian
function; and the second acquiring module is specifically
configured to determine the optimum quality factor of the
image according to the Gaussian functional relationship
between the quality factor and the similarity score and the
threshold of the similarity score.

In some embodiments, in the image compression apparatus
described above, the curve fitting module is specifically con-
figured to separately use the first quality factor and the first
similarity score, and the second quality factor and the second
similarity score as values of two end points of the Gaussian
function; determine a coefficient parameter of the Gaussian
function; and determine the Gaussian functional relationship
between the quality factor and the similarity score according
to the coefficient parameter of the Gaussian function.

In some embodiments, in the image compression apparatus
described above, the second acquiring module includes:

acalculating unit, configured to calculate an initial value of
the quality factor of the image by substituting the threshold of
the similarity score into the Gaussian functional relationship
between the quality factor and the similarity score;

an acquiring unit, configured to acquire a similarity score
corresponding to the initial value of the quality factor by
means of objective evaluation;

a determining unit, configured to determine whether the
similarity score corresponding to the initial value of the qual-
ity factor of the image is greater than the threshold of the
similarity score; and

a processing unit, configured to reduce the initial value of
the quality factor of the image when the determining unit
determines that the similarity score corresponding to the ini-
tial value of the quality factor of the image is greater than the
threshold of the similarity score, until a similarity score cor-
responding to a reduced initial value of the quality factor of
the image is less than or equal to the threshold of the similarity
score, and use the reduced initial value of the quality factor of
the image as the optimum quality factor of the image.

In some embodiments, in the image compression apparatus
described above, the processing unit is further configured to
increase the initial value of the quality factor of the image
when the determining unit determines that the similarity
score corresponding to the initial value of the quality factor of
the image is less than the threshold of the similarity score,
until a similarity score corresponding to an increased initial
value of the quality factor of the image is greater than or equal
to the threshold of the similarity score, and use the increased
initial value of the quality factor of the image as the optimum
quality factor of the image.

In some embodiments, in the image compression apparatus
described above, the processing unit is further configured to
use the initial value of the quality factor of the image as the
optimum quality factor of the image when the similarity score
corresponding to the initial value of the quality factor of the
image is equal to the threshold of the similarity score.

In some embodiments, in the image compression apparatus
described above, the first acquiring module is specifically
configured to use an empirical initial quality factor of the
image as the first quality factor; set the first similarity score
corresponding to the first quality factor to 1; choose the sec-
ond quality factor that is less than the first quality factor by a
preset level; and acquire the second similarity score corre-
sponding to the second quality factor by means of objective
evaluation.
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According to the image compression method and appara-
tus provided in the embodiments of the present disclosure, a
first quality factor of an image, a first similarity score corre-
sponding to the first quality factor, a second quality factor of
the image, and a second similarity score corresponding to the
second quality factor are acquired; a functional relationship
between a quality factor and a similarity score is obtained by
means of curve fitting using the first quality factor, the first
similarity score, the second quality factor, and the second
similarity score; and an optimum quality factor of the image
is acquired according to the functional relationship between
the quality factor and the similarity score and a threshold of
the similarity score. In the technical features of the embodi-
ments of the present disclosure, a functional relationship
between a quality factor and a similarity score may be
obtained by means of curve fitting according to existing
experimental data for analysis, and moreover, an optimum
quality factor of an image can be acquired according to the
functional relationship, so that iterations in image compres-
sion can be completed in a short time, thereby improving
processing efficiency of image compression. Because image
compression in the technical features of the embodiments of
the present disclosure only takes an extremely short time, the
technical features may be applied to various applications on
the Internet, for example, the technical features can help
actually reduce the amount of bandwidth of websites, reduce
a loading time of a webpage, and improve processing effi-
ciency of image compression on a website.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate the technical features in the embodiments of
the present disclosure more clearly, the following briefly
introduces the accompanying drawings required for describ-
ing the embodiments. Apparently, the accompanying draw-
ings in the following description show merely some embodi-
ments of the present disclosure, and persons of ordinary skill
in the art may still derive other drawings from these accom-
panying drawings without creative efforts.

FIG. 1 is a flowchart of an image compression method
according to Embodiment 1 of the present disclosure;

FIG. 2 is a flowchart of an image compression method
according to Embodiment 2 of the present disclosure;

FIG. 3 is a diagram of a Gaussian functional relationship
between a quality factor q and a similarity score s in an
embodiment of the present disclosure;

FIG. 4 is a schematic structural diagram of an image com-
pression apparatus according to Embodiment 3 of the present
disclosure;

FIG. 5 is a schematic structural diagram of an image com-
pression apparatus according to Embodiment 4 of the present
disclosure; and

FIG. 6 is a schematic structural diagram of a server pro-
vided in an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

To make the objectives, technical features, and advantages
of the present disclosure clearer, the following further
describes the implementation manners of the present disclo-
sure in detail with reference to the accompanying drawings.

Embodiment 1

FIG. 1 is a flowchart of an image compression method
according to Embodiment 1 of the present disclosure. As
shown in FIG. 1, the image compression method of this
embodiment may specifically include the following steps:
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Step 100: Acquire a first quality factor of an image, a first
similarity score corresponding to the first quality factor, a
second quality factor of the image, and a second similarity
score corresponding to the second quality factor.

For example, the first similarity score is used for identify-
ing similarity between an image compressed by using the first
quality factor and an original image (that is, an image before
compression); and the second similarity score is used for
identifying similarity between an image compressed by using
the second quality factor and an original image. For ease of
description, the similarity score may be a value between O and
1. A higher the similarity score indicates that the compressed
image is more similar to the original image, and on the con-
trary, a lower the similarity score indicates that the com-
pressed image is less similar to the original image. The simi-
larity score may be represented by s (score), and the quality
factor may be represented by q (quality).

Before step 100, this embodiment may further include:
acquiring a threshold of a similarity score of the image. The
threshold of the similarity score of the image may be set by
technical personnel and may be an empirical value, and the
threshold of the similarity score of the image may be used as
a criterion for measuring the quality factor.

Step 101: Obtain a functional relationship between a qual-
ity factor and a similarity score by means of curve fitting
using the first quality factor, the first similarity score, the
second quality factor, and the second similarity score.

For example, in this embodiment, the first quality factor
and the first similarity score, and the second quality factor and
the second similarity score are separately used as two points
to which the functional relationship between the quality fac-
tor and the similarity score is fit. In this embodiment, the fit is
obtained by using the two points in the functional relationship
between the quality factor and the similarity score, and the
functional relationship between the quality factor and the
similarity score is determined.

Step 102: Determine an optimum quality factor of the
image according to the functional relationship between the
quality factor and the similarity score and a threshold of the
similarity score.

In this embodiment, an entity for executing the image
compression method is an image compression apparatus, for
example, the image compression apparatus may be disposed
in a server of a website or other terminals, so as to implement
functions thereof.

Step 103: Compress the image according to the determined
optimum quality factor.

According to the image compression method of this
embodiment, a first quality factor of an image, a first similar-
ity score corresponding to the first quality factor, a second
quality factor of the image, and a second similarity score
corresponding to the second quality factor are acquired; and a
functional relationship between a quality factor and a simi-
larity score is obtained by means of curve fitting using the first
quality factor, the first similarity score, the second quality
factor, and the second similarity score; and an optimum qual-
ity factor of the image is acquired according to the functional
relationship between the quality factor and the similarity
score and a threshold of the similarity score. In the technical
features of this embodiment, a functional relationship
between a quality factor and a similarity score may be
obtained by curve fitting according to existing experimental
data for analysis, and moreover, an optimum quality factor of
an image can be acquired according to the functional rela-
tionship, so that iterations in image compression can be com-
pleted in a short time, thereby improving processing effi-
ciency of image compression. Because image compression in
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the technical features of this embodiment only takes an
extremely short time, the technical features may be applied to
various applications on the Internet, for example, the techni-
cal features can help actually reduce the amount of bandwidth
of'websites, reduce a loading time of a webpage, and improve
processing efficiency of image compression on a website.

In some embodiments, on the basis of the technical features
of'the embodiment shown in FIG. 1, step 101 of “obtaining a
functional relationship between a quality factor and a simi-
larity score by means of curve fitting using the first quality
factor, the first similarity score, the second quality factor, and
the second similarity score” may specifically include: deter-
mining a Gaussian functional relationship between the qual-
ity factor and the similarity score according to the first quality
factor, the first similarity score, the second quality factor, the
second similarity score, and a Gaussian function.

For example, by analyzing multiple groups of experimen-
tal data about the quality factor and similarity score in the
conventional technology, it may be found that the functional
relationship between the quality factor q and the similarity
score s is approximate to a Gaussian function. For example,
the Gaussian function may be expressed as

where o represents a parameter in the Gaussian function and
is used to describe the quantity of discrete data in Gaussian
distribution, and k represents a total variance. For details,
reference may be made to the related conventional technol-
ogy, which is not described herein again.

In some embodiments, the step of determining a Gaussian
functional relationship between the quality factor and the
similarity score according to the first quality factor, the first
similarity score, the second quality factor, the second simi-
larity score, and a Gaussian function may specifically include
the following steps:

(1) Separately use the first quality factor and the first simi-
larity score, and the second quality factor and the second
similarity score as values of two end points of the Gaussian
function; and determine a coefficient parameter of the Gaus-
sian function.

(2) Determine the Gaussian functional relationship
between the quality factor and the similarity score according
to the coefficient parameter of the Gaussian function.

In this embodiment, the first quality factor and the first
similarity score are one end point of the Gaussian function,
and the second quality factor and the second similarity score
are another end point of the Gaussian function; and the coef-
ficient parameter of the Gaussian function may be determined
by substituting values of the two end points into the Gaussian
function

so that the Gaussian functional relationship between the qual-
ity factor and the similarity score may be determined. Alter-
natively, an inverse function s(q) of the Gaussian function q(s)
may further be obtained.

In this embodiment, by analyzing data of quality factors in
the conventional technology and similarity scores that are
corresponding to the quality factors and calculated by means
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of objective evaluation, it may be found that the relationship
between the quality factor and the similarity score is that the
similarity score being an increasing function of the quality
factor, for example, specifically may be an increasing func-
tion approximate to a Gaussian function. Therefore, in the
technical features of this embodiment, an example in which a
Gaussian function is fit to the quality factor and the similarity
score is used for describing the technical features of the
present disclosure. In actual applications, other functions that
are combined with a functional relationship between the qual-
ity factor and the similarity score may further be fit to the
quality factor and the similarity score, which are described
herein one by one.

Step 102 of “determining an optimum quality factor of the
image according to the functional relationship between the
quality factor and the similarity score and a threshold of the
similarity score” may specifically include: acquiring the opti-
mum quality factor of the image according to the Gaussian
functional relationship between the quality factor and the
similarity score and the threshold of the similarity score.

In some embodiments, the step of “acquiring the optimum
quality factor of the image according to the Gaussian func-
tional relationship between the quality factor and the similar-
ity score and the threshold of the similarity score” may spe-
cifically include:

(a) Calculate an initial value of the quality factor of the
image by substituting the threshold s* of the similarity score
into the Gaussian functional relationship between the quality
factor and the similarity score.

In this embodiment, the threshold s* of the similarity score
is an expected value of the similarity score. The initial value
of'the quality factor of the image corresponding to the thresh-
old s* of the similarity score may be determined by substi-
tuting the threshold s* of the similarity score into the deter-
mined Gaussian functional relationship q(s) between the
quality factor and the similarity score.

(b) Acquire a similarity score corresponding to the initial
value of the quality factor by means of objective evaluation.

In this embodiment, the similarity score corresponding to
the initial value of the quality factor is further calculated by
using an existing objective evaluation method. For the objec-
tive evaluation method, reference may specifically be made to
the related conventional technology, for example, reference
may specifically be made to a related calculation method in
the file A Novel Perceptual Image Quality Measure for Block
Based Image Compression in the ICVT conference in 2011,
or reference may further be made to other existing calculation
methods for objective evaluation, which are not described
herein again.

(c) Determine whether the similarity score corresponding
to the initial value of the quality factor of the image is greater
than the threshold of the similarity score; perform step (d)
when the similarity score corresponding to the initial value of
the quality factor of the image is greater than the threshold of
the similarity score; perform step (e) to increase the initial
value of the quality factor of the image when the similarity
score corresponding to the initial value of the quality factor of
the image is less than the threshold of the similarity score; or
perform step (f) when the similarity score corresponding to
the initial value of the quality factor of the image is equal to
the threshold of the similarity score.

(d) Reduce the initial value of the quality factor of the
image, until a similarity score corresponding to a reduced
initial value of the quality factor of the image is less than or
equal to the threshold of the similarity score, and use the
reduced initial value of the quality factor of the image as the
optimum quality factor of the image.
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(e) Increase the initial value of the quality factor of the
image when the similarity score corresponding to the initial
value of the quality factor of the image is less than the thresh-
old of the similarity score, until a similarity score correspond-
ing to an increased initial value of the quality factor of the
image is greater than or equal to the threshold of the similarity
score, and use the increased initial value of the quality factor
of the image as the optimum quality factor of the image.

() Use the initial value of the quality factor of the image as
the optimum quality factor of the image.

In some embodiments, in the embodiment shownin F1G. 1,
step 100 of “acquiring a first quality factor of an image, a first
similarity score corresponding to the first quality factor, a
second quality factor of the image, and a second similarity
score corresponding to the second quality factor” may spe-
cifically include the following steps:

(1) Use an empirical initial quality factor of the image as
the first quality factor.

(2) Set the first similarity score corresponding to the first
quality factor to 1.

(3) Choose the second quality factor that is less than the
first quality factor by a preset level (e.g., 50%).

(4) Acquire the second similarity score corresponding to
the second quality factor by means of objective evaluation.

In this embodiment, an empirical initial quality factor of an
image in the conventional technology may be used as the first
quality factor, for example, the first quality factor may be q0,
and the first similarity score corresponding to the first quality
factor may be s=1; and when q0=80, the value of s0 may be 1.
Specifically, a distribution diagram of's may be ignored when
q is greater than q0, and only a situations in which q is less
than q0 is considered, so that q' less than q0 may be used, for
example, q'=60, and then, a second similarity score s(q=60)
corresponding to q' is calculated by using the existing objec-
tive evaluation method.

Further, referring to the steps of the foregoing embodi-
ment, according to (s0, q0), (s', ¢'), and the Gaussian function

a coefficient parameter of the Gaussian functional relation-
ship may be determined, so as to determine a Gaussian func-
tional relationship that the quality factor and the similarity
score meet.

It should be noted that, all the optional technical features in
the foregoing embodiment may be combined randomly to
form optional embodiments of the present disclosure. For
details, reference may be made to the description of the fore-
going embodiment, which is not described herein again.

According to the image compression method of the fore-
going embodiment, a functional relationship between a qual-
ity factor and a similarity score may be obtained by means of
curve fitting according to existing experimental data for
analysis, and moreover, an optimum quality factor of an
image may be acquired according to the Gaussian functional
relationship, so that iterations in image compression can be
completed in a short time, thereby improving processing effi-
ciency of image compression. Because image compression in
the technical features of this embodiment only takes an
extremely short time, the technical features may be applied to
various applications on the Internet, for example, the techni-
cal features can help actually reduce the amount of bandwidth
of'websites, reduce a loading time of a webpage, and improve
processing efficiency of image compression on a website.
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Embodiment 2

FIG. 2 is a flowchart of an image compression method
according to Embodiment 2 of the present disclosure. As
shown in FIG. 2, in the image compression method of this
embodiment, the technical features of this embodiment of the
present disclosure is further described in detail on the basis of
the foregoing embodiment. The image compression method
of this embodiment may specifically include the following
steps:

Step 200: Use an empirical initial quality factor of the
image as a first quality factor q0.

For example, in this embodiment, q0=80.

Step 201: Set a first similarity score s0 corresponding to the
first quality factor q0 to 1.

Step 202: Acquire a second quality factor ' that is less than
the first quality factor q0.

For example, in this embodiment, q'=60. In this embodi-
ment, a distribution diagram of's is ignored when q is greater
than q0. Therefore, q' is less than q0.

Step 203: Acquire a second similarity score s' correspond-
ing to the second quality factor q' by means of objective
evaluation.

Step 204: Separately use the first quality factor q0 and the
first similarity score s0, and the second quality factor q' and
the second similarity score s' as values of two end points of a
Gaussian function; and determine a coefficient parameter of
the Gaussian function.

Step 205: Determine a Gaussian functional relationship
q(s) between a quality factor q and a similarity score s accord-
ing to the coefficient parameter of the Gaussian function.

For example, the Gaussian functional relationship between
q and s that is determined according to the foregoing method
is shown in FIG. 3.

Step 206: Calculate an initial value q" of the quality factor
of the image by substituting a threshold s* of the similarity
score into the Gaussian functional relationship q(s) between
the quality factor q and the similarity score s.

Step 207: Acquire a similarity score s" corresponding to the
initial value q" of the quality factor by means of objective
evaluation.

Step 208: Determine whether the similarity score s" corre-
sponding to the initial value q" of the quality factor of the
image is greater than, equal to, or less than the threshold s* of
the similarity score; perform step 209 when the similarity
score s" corresponding to the initial value q" of the quality
factor of the image is greater than the threshold s* of the
similarity score; perform step 212 when the similarity score
s" corresponding to the initial value q" of the quality factor of
the image is equal to the threshold s* of the similarity score;
or perform step 213 when the similarity score s" correspond-
ing to the initial value q" of the quality factor of the image is
less than the threshold s* of the similarity score.

Step 209: Reduce the initial value q" of the quality factor of
the image, and perform step 210.

In this embodiment, the initial value q" of the quality factor
of the image may be reduced by using a preset step d, that is,
q":qll_d.

Step 210: Determine whether the similarity score s" corre-
sponding to the initial value q" of the quality factor of the
image is less than or equal to the threshold s* of the similarity
score; perform step 211 when the similarity score s" corre-
sponding to the initial value q" of the quality factor of the
image is less than or equal to the threshold s* of the similarity
score; or otherwise, perform step 209.

Step 211: Use areduced initial value q" of the quality factor
of the image as an optimum quality factor of the image, and
perform step 216.
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Step 212: Use the initial value q" of the quality factor ofthe
image as an optimum quality factor of the image, and perform
step 216.

Step 213: Increase the initial value q" of the quality factor
of the image, and perform step 214.

In this embodiment, the initial value q" of the quality factor
of'the image may be increased by using a preset step d, that is,
qn:qn +d.

Step 214: Determine whether the similarity score s" corre-
sponding to the initial value q" of the quality factor of the
image is greater than or equal to the threshold s* of the
similarity score; perform step 215 when the similarity score
s" corresponding to the initial value q" of the quality factor of
the image is greater than or equal to the threshold s* of the
similarity score; or otherwise, perform step 213.

Step 215: Use an increased initial value q" of the quality
factor of the image as an optimum quality factor of the image,
and perform step 216.

Step 216: Compress the image according to the determined
optimum quality factor.

Similar to the foregoing embodiment, an entity for execut-
ing the image compression method of this embodiment is still
an image compression apparatus.

The optimum quality factor of the image determined by
using the foregoing method of this embodiment is an image
quality factor closest to an ideal value, and therefore, itera-
tions in image compression can be completed in a short time,
thereby improving processing efficiency of image compres-
sion. Because image compression in the technical features of
this embodiment only takes an extremely short time, the
technical features may be applied to various applications on
the Internet, for example, the technical features can help
actually reduce the amount of bandwidth of websites, reduce
a loading time of a webpage, and improve processing effi-
ciency of image compression on a website.

Embodiment 3

FIG. 4 is a schematic structural diagram of an image com-
pression apparatus according to Embodiment 3 of the present
disclosure. As shown in FIG. 4, the image compression appa-
ratus of this embodiment may specifically include one or
more processors; memory; and one or more program modules
stored in the memory and to be executed by the one or more
processors, the one or more program modules further includ-
ing: a first acquiring module 10, a curve fitting module 11, a
second acquiring module 12, a threshold acquiring module
13, and an image compression module 14.

The threshold acquiring module 13 is configured to acquire
a threshold of a similarity score of an image; the threshold
acquiring module 13 is connected to the first acquiring mod-
ule 10; the first acquiring module 10 is configured to acquire
a first quality factor of the image, a similarity score corre-
sponding to the first quality factor, a second quality factor of
the image, and a second similarity score corresponding to the
second quality factor; the curve fitting module 11 is con-
nected to the first acquiring module 10 and is configured to
obtain a functional relationship between quality factor and
similarity score of the image by means of curve fitting using
the first quality factor, the first similarity score, the second
quality factor, and the second similarity score that are
acquired by the first acquiring module 10; the second acquir-
ing module 12 is connected to the curve fitting module 11 and
is configured to determine an optimum quality factor of the
image according to the functional relationship between the
quality factor and the similarity score obtained by the curve
fitting module 11 by means of curve fitting and the threshold
of the similarity score; the image compression module 14 is
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connected to the second acquiring module 12 and is config-
ured to compress the image according to the determined
optimum quality factor.

In the image compression apparatus of this embodiment,
an implementation mechanism of image compression by
using the foregoing modules is same with the implementation
mechanism in the foregoing related method embodiment. For
details, reference may be made to the description of the fore-
going related method embodiment, which is not described
herein again.

The image compression apparatus of this embodiment uses
the foregoing modules to acquire a first quality factor of an
image, a first similarity score corresponding to the first qual-
ity factor, a second quality factor of the image, and a second
similarity score corresponding to the second quality factor;
obtain a functional relationship between a quality factor and
a similarity score by means of curve fitting using the first
quality factor, the first similarity score, the second quality
factor, and the second similarity score; and determine an
optimum quality factor of the image according to the func-
tional relationship between the quality factor and the similar-
ity score and a threshold of the similarity score. In the tech-
nical features of this embodiment, a functional relationship
between a quality factor and a similarity score may be
obtained by means of curve fitting according to existing
experimental data for analysis, and moreover, an optimum
quality factor of an image can be acquired according to the
functional relationship, so that iterations in image compres-
sion can be completed in a short time, thereby improving
processing efficiency of image compression. Because image
compression in the technical features of this embodiment
only takes an extremely short time, the technical features may
be applied to various applications on the Internet, for
example, the technical features can help actually reduce the
amount of bandwidth of websites, reduce a loading time of a
webpage, and improve processing efficiency of image com-
pression on a website.

Embodiment 4

FIG. 5 is a schematic structural diagram of an image com-
pression apparatus according to Embodiment 4 of the present
disclosure. As shown in FIG. 5, on the basis of the embodi-
ment shown in FIG. 4, the image compression apparatus of
this embodiment may further include the following technical
features.

In this embodiment, a curve fitting module 11 is specifi-
cally configured to determine a Gaussian functional relation-
ship between a quality factor and a similarity score according
to a first quality factor, a first similarity score, a second quality
factor, and a second similarity score that are acquired by a first
acquiring module 10, and a Gaussian function; and a second
acquiring module 12 is specifically configured to acquire an
optimum quality factor of an image according to the Gaussian
functional relationship between the quality factor and the
similarity score obtained by the curve fitting module 11 by
means of curve fitting and a threshold of the similarity score.

In some embodiments, for example, the curve fitting mod-
ule 11 may be specifically configured to separately use the
first quality factor and the first similarity score, and the sec-
ond quality factor and the second similarity score as values of
two end points of the Gaussian function; determine a coeffi-
cient parameter of the Gaussian function; and determine the
Gaussian functional relationship between the quality factor
and the similarity score according to the coefficient parameter
of the Gaussian function.

In some embodiments, the second acquiring module 12
may specifically include a calculating unit 121, an acquiring
unit 122, a determining unit 123, and a processing unit 124.
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The calculating unit 121 is connected to the curve fitting
module 11 and is configured to calculate an initial value of the
quality factor ofthe image by substituting the threshold of the
similarity score into the Gaussian functional relationship
between the quality factor and the similarity score obtained
by the curve fitting module 11 by means of curve fitting; the
acquiring unit 122 is connected to the calculating unit 121 and
is configured to acquire, by means of objective evaluation, a
similarity score corresponding to the initial value of the qual-
ity factor calculated by the calculating unit 121; the determin-
ing unit 123 is connected to the acquiring unit 122 and is
configured to determine whether the similarity score corre-
sponding to the initial value of the quality factor of the image
acquired by the acquiring unit 122 is greater than the thresh-
old of the similarity score; the processing unit 124 is con-
nected to the determining unit 123 and is configured to reduce
the initial value of the quality factor of the image when the
determining unit 123 determines that the similarity score
corresponding to the initial value of the quality factor of the
image is greater than the threshold of the similarity score,
until a similarity score corresponding to a reduced initial
value of the quality factor of the image is less than or equal to
the threshold of the similarity score, and use the reduced
initial value of the quality factor of the image as the optimum
quality factor of the image.

Alternatively, further optionally, the processing unit 124 is
further configured to increase the initial value of the quality
factor of the image when the determining unit 123 determines
that the similarity score corresponding to the initial value of
the quality factor of the image is less than the threshold of the
similarity score, until a similarity score corresponding to an
increased initial value of the quality factor of the image is
greater than or equal to the threshold of the similarity score,
and use the increased initial value of the quality factor of the
image as the optimum quality factor of the image. Alterna-
tively, the processing unit 124 is further configured to use the
initial value of the quality factor of the image as the optimum
quality factor of the image when the determining unit 123
determines that the similarity score corresponding to the ini-
tial value of the quality factor of the image is equal to the
threshold of the similarity score.

In some embodiments, the first acquiring module 10 in the
foregoing embodiment is specifically configured to use an
empirical initial quality factor of the image as the first quality
factor; set the first similarity score corresponding to the first
quality factor to 1; choose the second quality factor that is less
than the first quality factor by a preset level; and acquire the
second similarity score corresponding to the second quality
factor by means of objective evaluation.

It should be noted that, all the optional technical features in
this embodiment may be combined randomly to form
optional embodiments of the present disclosure. For details,
reference may be made to the description of the foregoing
embodiment, which is not described herein again.

In the image compression apparatus of this embodiment,
an implementation mechanism of image compression by
using the foregoing modules is same with the implementation
mechanism in the foregoing related method embodiment. For
details, reference may be made to the description of the fore-
going related method embodiment, which is not described
herein again.

The image compression apparatus of this embodiment may
use the foregoing modules to a obtain a functional relation-
ship between a quality factor and a similarity score by means
of curve fitting according to existing experimental data for
analysis, and moreover, can acquire an optimum quality fac-
tor of an image according to the Gaussian functional relation-
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ship, so that iterations in image compression can be com-
pleted in a short time, thereby improving processing
efficiency of image compression. Because image compres-
sion in the technical features of this embodiment only takes an
extremely short time, the technical features may be applied to
various applications on the Internet, for example, the techni-
cal features can help actually reduce the amount of bandwidth
of'websites, reduce a loading time of a webpage, and improve
processing efficiency of image compression on a website.

The image compression apparatus of this embodiment may
be specifically disposed in a terminal or server capable of
performing image compression processing, which is not lim-
ited by the present disclosure.

It should be noted that, when the image compression appa-
ratus provided by the foregoing embodiment acquires a qual-
ity factor in image compression, division of the foregoing
functional modules is only described as an example. In actual
applications, the functions may be allocated to difterent func-
tional modules as required, that is, the internal structure of the
apparatus is divided into different functional modules to com-
plete all or some of the functions described above. In addition,
the image compression apparatus provided by the foregoing
embodiment belongs to a same conception as the image com-
pression method in the foregoing embodiment. For a specific
implementation process of the image compression apparatus,
refer to the method embodiment, and the details are not
described herein again.

The sequence numbers of the foregoing embodiments of
the present disclosure are merely for description, and do not
imply the preference among the embodiments.

FIG. 6 is a schematic structural diagram of a server accord-
ing to an embodiment of the present disclosure. The server
600 may vary significantly due to different configurations or
performance, and may include one or more central processing
units (CPUs) 622 (for example, one or more processors), a
memory 632, and one or more storage media 630 (for
example, one or more mass storage devices) for storing an
application program 642 or data 644. The memory 632 and
the storage medium 630 may be transitory or permanent
storage. The program stored in the storage medium 630 may
include one or more modules (not shown in the figure) and
each module may include a series of instructional operations
on the server. Further, the CPU 622 may be configured to
communicate with the storage medium 630, and perform, on
the server 600, a series of instructional operations in the
storage medium 630. The server 600 may further include one
or more power supplies 626, one or more wired or wireless
network interfaces 650, one or more input/output interfaces
658, and/or one or more operating systems 641, such as
Windows Server™, Mac OS X™, Unix™, Linux™, and
FreeBSD™. The methods in the foregoing embodiments may
be implemented by the components of the server.

When the method for image compression is implemented
in a form of software function module and sold or used as an
independent product, the method may also be stored in a
non-transitory computer readable storage medium for execu-
tion by one or more processors of a computer. A person
skilled in the art should understand that the embodiments of
the present disclosure may be provided as a method, a system
or a computer program product. Therefore, the present dis-
closure may use a form of a hardware embodiment, a software
embodiment, or an embodiment combining software and
hardware. In addition, this present disclosure may use a form
of'a computer program product implemented on one or more
computer available storage media including computer avail-
able program code, The storage media include but are not
limited to a USB flash drive, a removable hard disk, a read-

30

40

45

55

60

65

14

only memory (ROM), a random access memory (RAM), a
disk memory, a CD-ROM, an optical memory, and the like.

The foregoing descriptions are merely preferred embodi-
ments of the present disclosure, but are not intended to limit
the present disclosure. Any modification, equivalent replace-
ment, or improvement made within the spirit and principle of
the present disclosure shall fall within the protection scope of
the present disclosure.

What is claimed is:

1. A computer-implemented method for image compres-
sion, comprising:

at a computer having one or more processors and memory

for storing programs to be executed by the one or more

processors:

acquiring a threshold of a similarity score of an image;

acquiring a first quality factor of the image, a first simi-
larity score corresponding to the first quality factor, a
second quality factor of the image, and a second simi-
larity score corresponding to the second quality fac-
tor;

obtaining a functional relationship between quality fac-
tor and similarity score of the image by means of
curve fitting using the first quality factor, the first
similarity score, the second quality factor, and the
second similarity score;

determining an optimum quality factor of the image
according to the functional relationship between the
quality factor and the similarity score and the thresh-
old of the similarity score; and

compressing the image according to the determined
optimum quality factor.

2. The method according to claim 1, wherein the step of
obtaining a functional relationship between quality factor and
similarity score of the image by means of curve fitting using
the first quality factor, the first similarity score, the second
quality factor, and the second similarity score further com-
prises:

determining a Gaussian functional relationship between

the quality factor and the similarity score according to
the first quality factor, the first similarity score, the sec-
ond quality factor, the second similarity score, and a
Gaussian function; and
the step of determining an optimum quality factor of the
image according to the functional relationship between the
quality factor and the similarity score and the threshold of the
similarity score further comprises:
determining an optimum quality factor of the image
according to the Gaussian functional relationship
between the quality factor and the similarity score and
the threshold of the similarity score.

3. The method according to claim 2, wherein the step of
determining a Gaussian functional relationship between the
quality factor and the similarity score according to the first
quality factor, the first similarity score, the second quality
factor, the second similarity score, and a Gaussian function
further comprises:

separately using the first quality factor and the first simi-

larity score, and the second quality factor and the second
similarity score as values of two end points of the Gaus-
sian function;

determining a coefficient parameter of the Gaussian func-

tion; and

determining the Gaussian functional relationship between

the quality factor and the similarity score according to
the coefficient parameter of the Gaussian function.

4. The method according to claim 2, wherein the step of
determining an optimum quality factor of the image accord-
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ing to the Gaussian functional relationship between the qual-
ity factor and the similarity score and the threshold of the
similarity score comprises:

calculating an initial value of the quality factor of the image
by substituting the threshold of the similarity score into
the Gaussian functional relationship between the quality
factor and the similarity score;

acquiring a similarity score corresponding to the initial
value of the quality factor by means of objective evalu-
ation;

determining whether the similarity score corresponding to
the initial value of the quality factor of the image is
greater than the threshold of the similarity score;

reducing the initial value of the quality factor of the image
when the similarity score corresponding to the initial
value of the quality factor of the image is greater than the
threshold of the similarity score, until a similarity score
corresponding to a reduced initial value of the quality
factor of the image is less than or equal to the threshold
of the similarity score; and

using the reduced initial value of the quality factor of the
image as the optimum quality factor of the image.

5. The method according to claim 4, further comprising:

increasing the initial value of the quality factor of the image
when the similarity score corresponding to the initial
value of the quality factor of the image is less than the
threshold of the similarity score, until a similarity score
corresponding to an increased initial value of the quality
factor of the image is greater than or equal to the thresh-
old of the similarity score; and

using the increased initial value of the quality factor of the
image as the optimum quality factor of the image.

6. The method according to claim 4, further comprising:

using the initial value of the quality factor of the image as
the optimum quality factor of the image when the simi-
larity score corresponding to the initial value of the
quality factor of the image is equal to the threshold of the
similarity score.

7. The method according to claim 1, wherein the step of
acquiring a first quality factor of the image, a first similarity
score corresponding to the first quality factor, a second qual-
ity factor of the image, and a second similarity score corre-
sponding to the second quality factor comprises:

using an empirical initial quality factor of the image as the
first quality factor;

setting the first similarity score corresponding to the first
quality factor to 1;

choosing the second quality factor that is less than the first
quality factor by a preset level; and

acquiring the second similarity score corresponding to the
second quality factor by means of objective evaluation.

8. An image compression apparatus, comprising:

one or More processors;

memory; and

one or more program modules stored in the memory and to
be executed by the one or more processors, the one or
more program modules further including:

a threshold acquiring module, configured to acquire a
threshold of a similarity score of an image;

a first acquiring module, configured to acquire a first qual-
ity factor of the image, a first similarity score corre-
sponding to the first quality factor, a second quality
factor of the image, and a second similarity score corre-
sponding to the second quality factor;

a curve fitting module, configured to obtain a functional
relationship between quality factor and similarity score
of the image by means of curve fitting using the first
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quality factor, the first similarity score, the second qual-
ity factor, and the second similarity score;

a second acquiring module, configured to determine an
optimum quality factor of the image according to the
functional relationship between the quality factor and
the similarity score and the threshold of the similarity
score; and

an image compression module, configured to compress the
image according to the determined optimum quality fac-
tor.

9. The apparatus according to claim 8, wherein the curve
fitting module is specifically configured to determine a Gaus-
sian functional relationship between the quality factor and the
similarity score according to the first quality factor, the first
similarity score, the second quality factor, the second simi-
larity score, and a Gaussian function; and

the second acquiring module is specifically configured to
determine the optimum quality factor of the image
according to the Gaussian functional relationship
between the quality factor and the similarity score and
the threshold of the similarity score.

10. The apparatus according to claim 9, wherein the curve
fitting module is specifically configured to separately use the
first quality factor and the first similarity score, and the sec-
ond quality factor and the second similarity score as values of
two end points of the Gaussian function; determine a coeffi-
cient parameter of the Gaussian function; and determine the
Gaussian functional relationship between the quality factor
and the similarity score according to the coefficient parameter
of the Gaussian function.

11. The apparatus according to claim 9, wherein the second
acquiring module further includes:

a calculating unit, configured to calculate an initial value of
the quality factor of the image by substituting the thresh-
old of the similarity score into the Gaussian functional
relationship between the quality factor and the similarity
score;

an acquiring unit, configured to acquire a similarity score
corresponding to the initial value of the quality factor by
means of objective evaluation;

a determining unit, configured to determine whether the
similarity score corresponding to the initial value of the
quality factor of the image is greater than the threshold
of the similarity score; and

a processing unit, configured to reduce the initial value of
the quality factor of the image when the determining unit
determines that the similarity score corresponding to the
initial value of the quality factor of the image is greater
than the threshold of the similarity score, until a simi-
larity score corresponding to a reduced initial value of
the quality factor of the image is less than or equal to the
threshold of the similarity score, and use the reduced
initial value of the quality factor of the image as the
optimum quality factor of the image.

12. The apparatus according to claim 11, wherein the pro-
cessing unit is further configured to increase the initial value
of the quality factor of the image when the determining unit
determines that the similarity score corresponding to the ini-
tial value of the quality factor of the image is less than the
threshold of the similarity score, until a similarity score cor-
responding to an increased initial value of the quality factor of
the image is greater than or equal to the threshold of the
similarity score, and use the increased initial value of the
quality factor of the image as the optimum quality factor of
the image.

13. The apparatus according to claim 11, wherein the pro-
cessing unit is further configured to use the initial value of the
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quality factor of the image as the optimum quality factor of
the image when the similarity score corresponding to the
initial value of the quality factor of the image is equal to the
threshold of the similarity score.

14. The apparatus according to claim 8 wherein the first
acquiring module is specifically configured to use an empiri-
cal initial quality factor of the image as the first quality factor;

set the first similarity score corresponding to the first qual-

ity factor to 1; choose the second quality factor that is
less than the first quality factor by a preset level; and
acquire the second similarity score corresponding to the
second quality factor by means of objective evaluation.
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